The Great Basin Naturalist 


PUBLISHED AT Provo, UTAH, BY 
BRIGHAM YOUNG UNIVERSITY 


VoLuME 35 March 31, 1975 No. 1 





EVOLUTION OF THE SCELOPORINE LIZARDS (IGUANIDAE) 
Kenneth R. Larsen! and Wilmer W. Tanner? 


Asstract.— Phylogenetic relationships among Sceloporine genera are briefly discussed. Species re- 
lationships within the genus Sceloporus are analyzed, and evolutionary lines of descent are proposed. 

The genus Sceloporus is composed of three monophyletic groups: Group I, the most primitive, prob- 
ably developed from Sator-like ancestral stock in Miocene times. This group speciated from stock 
similar to Sceloporus gadoviae in southern Mexico to S. merriami in the North and contains 7 species 
in 3 species groups. We propose that these species be included in the genus Lysoptychus Cope. Group 
II arose from Group I and evolved from centrally located Sceloporus pictus in all directions throughout 
Mexico. This intermediate group contains approximately 19 species in 5 species groups. Group III 
also arose from the primitive stock of Group I and radiated from several desert refugia created by 
Pleistocene glaciation. Evolution of this group in Mexico was generally from north to south with 
Sceloporus malachiticus extending as far south as Panama. This group contains approximately 33 spe- 


cies in 5 species groups. 


In a previous paper (Larsen and Tan- 
ner, 1974) we presented our analysis of 
the species in the lizard genus Sceloporus. 
Numerical statistical methods were used 
to analyze the species in the genus Scel- 
oporus using cranial osteology, external 
meristic and numeric characters, karyol- 
ogy, display behavior, and geographic dis- 
tribution. A new classification for the 
genus was proposed with three major 
branches or groups. Group I contained 7 
species in 3 species groups. Group II con- 
tained approximately 19 species in 5 spe- 
cles groups. Group III contained approxi- 
mately 33 species in 5 species groups. This 
classification was supported by the cluster 
analysis of several different sets of data. 
Cranial osteology, zoogeography, behavior, 
and karyology were shown to be taxon- 
omically significant as numeric charac- 
ters. Stepwise discriminate analysis 
showed that this classification of the spe- 
cies of Sceloporus into 3 major groups and 
13 species groups was significant at the 
.999 confidence level. 

The purpose of this paper is to present 
our views on the evolution of the species 
in the genus Sceloporus. We also propose 
a phylogeny of closely related (Scelop- 
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orine) genera. We are grateful for the 
assistance of H. M. Smith, C. C. Carpen- 
ter, W. P. Hall, and the following per- 
sons at Brigham Young University: A. L. 
Allen, F. L. Anderson, J. R. Murphy, M. 
S 7eeterson,. J. Kh. highs) No Nesmith, BD: 
A. White, and S. L. Wood. 


INTERGENERIC PHYLOGENY 


In 1828 Weigmann described several 
genera, including Sceloporus (S. torqua- 
tus). He distinguished Sceloporus from the 
South American Tropidurus mainly on 
the basis of femoral pores (Scelo=thigh, 
porus=pore). In 1852 Baird and Girard 
described the genus Uta (U. stansburiana) 
which is distinguished from the smaller 
species of Sceloporus by its gular fold and 
granular dorsal scales. In 1854 Hallowell 
erected the genus Urosaurus (U. gracio- 
sus), Which is similar to U’ta but has sev- 
eral rows of enlarged, carinate, umbricate 
vertebrals or paravertebrals. Two years 
later Duméril (1856) described the genus 
Phymatolepis (Urosaurus bicarinatus) on 
the basis of enlarged paravertebrals. In 
1859 Baird placed Hallowell’s genus Uro- 
saurus in synonymy with Uta, and in 
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1864 Cope did the same with Dumeril’s 
Phymatolepis. Boulenger (1885) raised 
Cope’s Uta thalassina to generic status 


(Petrosaurus), but Cope ( 1900) rejected 
this proposal and made Petrosaurus a third 
synonym of Uta. In 1888 Cope erected 
the genus Lysoptychus (L. lateralus= 
Sceloporus coucht) on the basis of a single 
specimen that appeared to have a well- 
developed gular fold. Subsequent investi- 
gation (Steyneger, 1904) showed the “gu- 
lar fold” to be an artifact of preparation 
on a single specimen which ‘was _ pre- 
served in such a manner as to make a fold 
across the neck, which formed the basis 
for the erection of the genus” (Smith, 
1939, p. 242). Dickerson (1919) de- 
scribed the genus Sator (S. grandaevus) 
which has persisted despite Sator’s close 
similarity to Uta, Urosaurus and Scel- 
oporus. In 1942 Mittleman resurrected 
the genera Urosaurus and Petrosaurus. He 
also erected the genus Streptosaurus based 
on Uta mearnsi, which is most similar to 
Petrosaurus. He proposed that Uta, Uro- 
saurus, and Sator all arose independently 
from Sceloporus. He placed Phrynosoma 
with the above genera in a distinct group. 
Smith (1946) moved Sauromalus and 
Dipsosaurus to more primitive positions 
but otherwise retained Mittleman’s ar- 
rangement. Savage (1958) placed Strept- 
osaurus In synonymy with Petrosaurus. 
He separated Uta from Urosaurus mainly 
on the basis of sternal and costal mor- 
phology. He placed Uta and Petrosaurus 
with the sand lizards (Holbrookia, Uma, 
and Callisaurus), leaving Sceloporus, Sa- 
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Fig. 1. Phylogeny of sceloporine genera and 
the three major groups in Sceloporus. 
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tor, and Urosaurus together. Etheridge 
(196 +) rejected Savage’: s wide separation 
of Uta and Urosaurus, and placed Uta, 
Urosaurus, Sator, and Sceloporus on one 
side and One. Holbrookia, and Callisau- 
rus on the other. Primitive to both groups 
was Petrosaurus. A sand lizard resur- 
rected by Clarke (1965) was Troschel’s 
(1852) genus Cophosaurus (C. texanus, 
previously Holbrookia texana). 

Presch (1969) rejected Etheridge’s re- 
moval of Phrynosoma from the scelopor- 
ines and placed Phrynosoma with the 
sand lizards as a primitive member of that 
group. On the basis of scleral ossicles, 
Presch (1970) indicated that Petrosaurus 
is a primitive member of the Sceloporus 
branch. Ballinger and Tinkle (1972) pro- 
posed an early separation of the Uta and 
Petrosaurus stock from the ancestor of 
Urosaurus, Sator, and Sceloporus. 

Several characters suggest further modi- 
fication of the above arrangement. Our 
proposed phylogeny of sceloporine genera 
is illustrated in Figure 1. Urosaurus 
shows a tendency for enlarged scales near 
the midline of the dorsum. This trend is 
further developed in Sator, which has en- 
larged dorsals and granular laterals. The 
migration of enlarged scales around the 
sides of the body and the increase in scale 
size and degree of imbrication, miucrona- 
tion, and carination is a general trend 
along the chain of genera from Petrosau- 
rus to Sceloporus. ‘The new phylogeny is 
also supported by the gradual decrease in 
development of the gular fold, which is 
completely lost im all species of Sccloporus 
u1 Group III. Most of the species in 
Group I have what Smith (1939) called 
a rudimentary gular fold. Some of the 
species in Group II show a less pro- 
nounced tendency to develop a gular 
fold, and Group III lacks it completely. 
The gradual loss of the gular fold in the 
Sceloporus complex is more probable than 
a loss (from Petrosaurus to Sceloporus) 
and subsequent redevelopment (from 
Sceloporus to Uta, Urosaurus, or Sator). 
This reversal of the phylogeny resolves a 
question raised by Sniuth (1946:178): “It 
is a curious fact that all genera that have 
sprung from Sceloporus have developed 
a gular fold—including Sator, a Baja Cali- 
fornia cenus. The tendency to develop 
this fold appears to be restricted to the 
primitive groups of Sceloporus . . . and 
these are the groups from which Uta, 
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Urosaurus, and Sator independently ap- 
pear to have been derived.” 

Although Smith pointed to this prob- 
lem, he nevertheless accepted Mittleman’s 
arrangement of the sceloporine genera. 


1970-1 07a Oval beable O74, Gis), 
and behavior (Bussjaeger, 1971). 

Larsen and Tanner (1974) redefined 
relationships among the species in the 
genus Sceloporus. We used Ward’s clus- 


More recently, Smith (per comm.): has 
agreed that Sceloporus may be derived 
_ with respect to Uta, Urosaurus, and Sator. 
_ This position has also been suggested by 


ter analysis (Wishart, 1968) to cluster 55 
species on the basis of external characters, 
cranial osteology, karyology, behavior, 
and zoogeography (Fig. 3). We then used 


Hall (pers. comm.): “Inspection of the 
structure of the femoral pores and their 
surrounding scales, and the development 
of mucronation and carination of the body 
scales, to mention but two sets of charac- 
ters in various primitive Sceloporus and 
in other sceloporine genera, will suggest 
that Sceloporus is derived even in respect 
to Uta and Urosaurus.” 


We suggest the following conclusions 
with regard to the new phylogeny and 
published data on hip ratios of displaying 
males (Purdue and Carpenter, 1972a, 
1972b). The hip ratio (vertical hip move- 
ment to vertical eye movement) increased 
from Petrosaurus (0.68) to Uta (average 
0.74) to Urosaurus (average 1.06). After 
the transition from Sator (no published 
data on hip ratios) to Sceloporus, the 
trend reversed and hip ratios decreased 
from an average of 1.21 in Group I to 
0.66 in Group II to 0.34 in Group III 
(averages computed from Purdue and 
Carpenter, 1972b). 


Etheridge (1964) illustrated clavicles 
and scapulocoracoids of 8  sceloporine 
genera (excluding Phrynosoma). If his 
drawings are superimposed on the new 
phylogeny (Fig. 2), two trends are ap- 
parent: (1) a gradual development of 
_the scapular fenestra (top groove) from 
Petrosaurus to Sceloporus Group UI, and 
(2) an increase in size of the clavicular 
hook. If Urosaurus and Uta were derived 
from Sceloporus, the scapular fenestra 
would have developed and then disap- 
peared from Petrosaurus to Sceloporus to 
Uta. This improbable reversal is similar 
to the problem with the gular fold. We 
are persuaded that the new phylogeny is 
more probable. 


INTRAGENERIC PHYLOGENY 


The first phylogenetic schemes for the 
genus Sceloporus were proposed by Smith 
(1934, 1937a, 1937b, 1938, 1939). Other 
workers have recently modified the phy- 
logeny on the basis of karyology (Cole, 


step-wise discriminate analysis (Dixon 
1967) and found that the arrangement 
of groups and subgroups is significant at 
the .999 level of confidence (Table 1). 

Although Ward’s cluster analysis pro- 
vides a phenetic dendogram, it does not 
give any indication as to which branch of 
a cluster is derived and which is primi- 
tive. In 1939 Smith said, ‘“The most 
primitive form of this group is undoubted- 
ly lunaei which is closely related to for- 
mosus malachiticus” (p. 60). In other 
words, /umaei is the most primitive form 
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Fig. 2. Clavicles and scapulocoracoids of sev- 
eral sceloporines. All illustrations except Scelo- 
porus I, Sceloporus II, and Sceloporus III are 
from Etheridge (1964). 
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TABLE 1.—Groups and subgroups m the genus Sceloporus 





Group I (7 spp.) 





Subgroup A (1 spp.) 


Group II (20 spp.) 
Subgroup A (7 spp.) 





Group III (33 spp.) 
Subgroup A (9 spp.) 





gadoviae grammicus spinosus 
Subgroup B (2 spp.) pictus orcutti 
couchi megalepidurus clarki 
merriami cryptus melanorhinus 
Subgroup C (4 spp.) shannonorum’* magister 
maculosus heterolepis olivaceus 
parvus asper cautus 
jalapae Subgroup B (2 spp.) horridus 
ochoterenae pyrocephalus edwardtaylori 
nelsoni Subgroup B (7 spp.) 
Subgroup C (3 spp.) formosus 
scalaris lunaei- 
goldmani* malachiticus 
aeneus acanthinus 
Subgroup D (4 spp.) Subgroup C (5 spp.) 
siniferus undulatus 
carinatus virgatus 
utiformis woodi 
squamosus occidentalis 
Subgroup E (4 spp.) graciosus 
variabilis Subgroup D (4 spp.) 
cozumelae jarrovl 
teapensis lineolateralis 
chrysostictus ornatus 
dugesi 
Subgroup E (8 spp.) 
torquatus 
cyanogenys 
bulleri 
insignis* 
macdougalli 
mucronatus 
serrifer 
poinsetti 








——————————— wo een 


“Species not examined im this study. 


in the spinosus species group because it 1s 
most similar to a member of the next 
closest group (formosus). ‘Vhis statement 
by Smith is consistent with the following 
method of converting a phenetic dendro- 
gram into a phylogeny (Eigse) i 
is primitive to “B” it 1s less derived from 
(more similar to) the stem species “G.” 
The more primitive member of the other 
cluster (“C” or “D”) will also be more 
similar to “G.” The more primitive mem- 
bers of the two clusters will therefore be 
phylogenetically “closer”? and phenotypi- 
cally more similar than any other com- 
bination from the two clusters. This rule 
can be applied objectively with a similar- 
ity matrix. 

When all possible pairs between adja- 
cent clusters are compared, the two most 
similar species are considered primitive 
within their respective clusters. This 
technique will convert a dendrogram into 
a phylogeny. 

Ward’s cluster analysis and the above 
phylogeny technique were repeated sever- 


al times using external and _ osteological 
characters, distribution, karyology, —be- 
ee and combinations of the above. 
(See Larsen and Tanner, 197+, for a pre- 
sentation of results.) ‘The differences 
among results were resolved subjectively 
to produce a composite phylogeny (Fig. 
5). This procedure is based on several 
assumptions which are admittedly vul- 
nerable. To restrict the scope of our study 
it was assumed that the alpha taxonomy 
is complete and correct. That is, it was 
assumed that all species of Sceloporus are 
now named and correctly defined in the 
literature. Of course, this assumption may 
be incorrect. But the purpose of our study 
is to produce a general overview and uot 
a detailed taxonomic review. The de- 
tails near the ends of branches are there- 
fore tentative and subject to future re- 
view. 

In spite of the largé number of charac- 
ters considered (over 80), these results 
are also subject to errors due to parallel- 
ism, convergence, varying rates of diver- 
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Fig. 3. Dendrogram generated by Ward’s cluster analysis of external, 


characters (82 characters). 


gence, pleiotrophy, and other cases in 
which the phenotype is not a direct mani- 
festation of the genotype. All phylogene- 
tic conclusions are subject to these limita- 
tions, and the systematist can do little 
more than acknowledge the circumstautial 
nature of his evidence. 

We propose that Sceloporus is derived 
from Uta through Urosaurus and Sator 
(see above). Smith (1938) suggested that 
the connection between these genera is 
from Urosaurus ornatus to Sceloporus 
couchi. Smith included couchi in the 
variabilis species group. 

Figure 6 shows the arrangement of 
species in Smith’s variabilis, maculosus, 
and merriami groups according to Smith 
(1939, Fig. 42) and the new phylogeny. 
Four of these species (couchi, parvus, 
maculosus, and merriami) are transferred 
to Group I. Smith may have allowed for 
this by placing these four species on one 
side of his tree next to Uta. If Uta (Uta, 
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4 8 16 


skull, and distribution 


Urosaurus, and Sator) is considered primi- 
tive to Sceloporus, then Smith’s evidence 
supports our conclusion that Group I 1s 
primitive to the other two groups in 
Sceloporus. The remaining species 1 
Smith’s variabilis group (variabilis, COZ- 
umelae, aud teapensis) are placed in 


Group IL. 


Snuth (1939:239) allowed for the re- 
moval of parvus and couchi from the var- 
iabilis group with this statement: 


That parvus and couchi are only dis- 
tantly related to the remainder of the group 
is shown by the widely different charac- 
ter of the ventral coloration in the males, 
smooth head scales, larger number of fem- 
oral pores, and general habitus. . . . It 
is my belief that this section approaches 
more closely the ancestral stock of Uta than 
the other species of the variabilis group. 


Smith (p. 239) also associated rerriarmi 
with Uta: “It would appear that merrt- 
ami is closely related to Uta. and that Uta 
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B-D=3  THEN=:- 
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Fig. 4. Phylogeny theary. If the phenetic 
distance between “A” and “C” is less than that 
between any other pair, then “A” and “C” are 
primitive members in clusters “E” and ‘“F.”’ 


arose from the forms now extinct which 
closed the present gap between couchi 
and merriami.” Note that our new ar- 
rangement places merriami and couchi 
together. 


Another divergence from Smith’s phylo- 
genetic tree is the addition of chrysostic- 
tus to the variabilis group. Smith (p. 239) 
supports this inclusion (and the close 
proximity of the siniferus group): “An- 
other group closely related to the variab- 
ilis section is the siniferus series, which 
closely approaches the variabilis group 
through cupreus. . The chrysostictus 
group is also closely related.” 

Thus it can be seen that Smith allowed 
for the possibility of removing parvus and 
couchi and adding chrysostictus, which 
changes his variabilis group into the new 
variabilis group. 
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Smith stated that the siniferus group 
“closely approaches the variabilis group” 
and yet his illustration (1939, Fig. 3) has 
these groups separated by several other 
groups. In the new phylogeny they are 
adjacent. 


Figure 7 compares Smith’s arrange- 
ment of his chrysostictus, utiformis and 
siniferus groups with the new arrange- 
ment of the same species. Besides the 
placing of chrysostictus mm the variabilis 
group (which has already been ex- 
plained), the only. major difference in 
Figure 4 is the removal of ochoterenae 
to place it m Group J. (The inclusion 
of utiformis m the siniferus group 1s mi- 
nor). Smith listed 11 diagnostic characters 
of the siniferus group. In three cases he 
said “except ochoterenae’’ and in another 
“except ochoterenae and cupreus.” He 
(p. 301) said, ‘‘Postanals tending to be 
poorly developed (except ochoterenae and 
cupreus ); two postrostrals (except ocho- 
terenae, without postrostrals); ... ventral 
scales pointed or, at least not notched (ex- 
cept ochoterenae 11 which they are 
notched) . . . males without distinctive 
ventral coloration (except ochoterenae).” 


If size is discounted, then ochoterenae 
is different in 4 of the 10 diagnostic char- 
acters for the sziferus group. S. ocho- 
terenae also has more femoral pores than 
any other species in Smith’s  szferus 
sroup. Smith’s conclusions, therefore, 
would not be seriously challenged if 
ochoterenae were removed from the szf- 
crus group and placed in Group I next to 
jalapae. In fact, when describing ocho- 
terenae, Smith (p. 309) said, “three or 
four scales on anterior border of ear, not 
so large as m jalapae.” So apparently 
he was comparing these two species. 

Smith included jalapae in his scalaris 
group, Which is otherwise identical to the 
new scalaris group (Fig. 5). Removing 
jalapae from the scalaris group to place it 
in the primitive Group I is supported by 
the following statement by Smith (p. 
SE 

The only species doubtfully included in 
this group is jalapae, which differs from 
the remaining forms in having lateral scales 


in distinctly oblique rows, and in lacking 
postrostrals [as does ochoterenae]... . 

S. jalapae is clearly .the most primitive 
member of the group. S. scalaris, aeneus 
and goldmani are clearly more closely re- 
lated to each other than any one of these 
is to jalapae. 
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Fig. 5. Proposed phylogeny for the genus Sceloporus. (* species not examined.) 
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Fig. 6. Phylogeny of Smith’s (1939) variabilis, maculosus, and merriami groups according to 
Smith (A) and the new phylogeny (B). 
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Fig. 7. Phylogeny of Smith’s (1939) chrysostictus, utiformis, and siniferus groups according to 
Smith (A) and the new phylogeny (B). 
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Group [ includes: parvus, coucht, ma- 
culosus, merriami, ochoterenae, jalapae, 
and gadoviae. the most primitive. Smith 
(p. 362) included gadoviae with nelsoni 
and pyrocephalus in the pyrocephalus 
group. But once again he outlined rea- 
sons why gadoviae could be removed and 
placed in Group I. “S. gadoviae differs 
widely from other members of the group 
in haying very small dorsal scales, a large 
number of femoral pores, a postfemoral 
dermal pocket, very small scales on pos- 
terior surface of the thighs, and many 
other minor characters.” S. gadoviae 1s 
also the only member of this group to 
have a vestigia] gular fold as mentioned 
by Smith (p. 374): “‘scales immediately 
preceding gular fold region somewhat re- 
duced in size.” All of these characters 
are diagnostic of Group I, and this primi- 
tive placement is therefore natural. In 
fact, Smith (p. 363) said, “I assume 
gadoviae to be nearest the primitive ty pe; 
as it retains certain characters of the 
variabilis group, from which I believe it 
was derived.” 

The main character on which Smith (p. 
363) based his inclusion of gadoviae with 
the pyrocephalus group is the strong com- 
pression of the tail: “That the group is a 
natural one is more or less assured by its 
compact range and by the common char- 
acter of the compressed tail, which is 
otherwise unknown in the genus.” In 
view of the many characters supporting 
the placement of gadoviae in Group I, we 
propose that a compressed tail dev eloped 
twice: once im the pyrocephalus group. 
and once in gadoviae. Smith (p. 363) 
gave further support to this placement of 
gadoviae: “The assumption that gadoviae 
1s a remnant of a primitive stock is sup- 
ported by its secretive habits and its re- 
striction to a somewhat arid region.” 

The most serious difference between 
the new phylogeny and that of Smith is 
the placement of the grammiicus and ite- 
galepidurus groups. In both phylogenies 
the species are arranged in a similar man- 
ner within these groups. But Smith 
placed these groups next to the formosus 
group with the large-scaled, large-sized 
species, and we have moved them to a 
primitive position in Group II. How- 
ever, we propose that the grammicus 
group (we have combined Smith’ Ss gram- 
micus and heterolepis groups) is the most 
primitive in Group II. In fact. Smith 
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(1938:552) said “the »icrolepidurus [our 
grammicus | group is assumed to be the 
most primitive of these [the large-scaled, 
large-sized species], largely because of 
its very small scales.” This greater separ- 
ation between the grammucus and formos- 
us groups is further justified by the fact 
au the diploid number of chromosomes 
is 22 (derived) in the formosus group and 
a2 (primitive) in the grammicus group. 
We propose, therefore, “that some of, the 
similarities between grammicus and_ for- 
mosus (coloration, dorsal-scale count, ovo- 
viviparity, and preference for an arboreal 
habitat) are a result of convergence as 
is true of gadoviae and the pyrocephalus 
group. 

The only remaining difference from 
Smith’s formosus group is his inclusion of 
asper, Which we have moved to the gram- 
micus group. This move is justified by 
the fact that asper has 32 chromosomes, 
as do the other members of the grarmucus 
croup. If the grammicus group is re- 
moved from Smuith’s large-scaled, large- 
sized branch, the remaining species are 
the same as those included in Group III. 
This grouping (the omission of grarumi- 
cus) was allowed by Smith (1938:552): 


The relatively small size of the species of 
the undulatus group must be assumed as 
a parallel development rather than a direct 
inheritence of the small size of the ancestor 
in the variabilis group, for the close rela- 
tionship of the spinosus and undulatus 
groups cannot logically be disputed, nor is 
the close relationship of the spinosus, tor- 
guatus and formosus groups doubtful.” 


Smith and Taylor (1950) included the 
following species within the undulatus 
group: undulatus. cautus, occidentalis, 
and woodi. Since then, virgatus has been 
raised from subspecific to specific status 
(Cole, 1963). Smith (1939) placed graci- 
osus adjacent to the undulatus group, so 
the only discrepancy between the two 
classifications is the placement of cautus, 
which we have moved to the spiosus 
group next to oliraceus. This movement 
is justified by the Tact that there is a zone 
of intergradation between cautus and olt- 
vaceus (Hall, pers. comm.). 


Bussjaeger (1971:151) remarked: 


The relation of cautus and olivaceus 
and the undulatus group of Sceloporus has 
been questioned. Hall’s data indicated that 
these two species were the same and limited 
data on their displays indicate that they are 
similar. If one accepts that they are syn- 
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onyms, then olivaceus (cauius) would be 
the connecting link between the spinosus 
and undulatus groups. 
However, rather than use these forms as 
a link between species groups, we have 


placed them together im the spinosus 
group. 
Smith (1938:554) indicated that the 


torquatus group consited of 2 subgroups: 
“It appears that soon after the separation 
of the forquatus stock from the other 
groups of Sceloporus, there was a separa- 
tion mito two divisions, one of which ex- 
hibited a tendency to develop small scales, 
the other large scales.” We have recog- 
mized the small-scaled division as_ the 
jarrovil group. 

Figure 8 shows the phylogeny of the 
jarrovil group according to Smith (1938, 
Fig. 4) and the new arrangement. Al- 
though he placed Jineolateralis further 
away from jarrovii in his diagram, Smith 
(p. 556) did say, “S. jarrovii appears to 
be most closely related to lincolateralis. 
From this species, or its ancestors, the re- 
mainimg species of the small-scaled divi- 
sion have ean been derived.” 

Figure 9 shows the phylogeny of the 
torquatus group according to Smith (1938, 
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Fig. 8. Phylogeny of jarrovi group according 
to Smith (1938) (A) and the new phylogeny (B). 


Figs. 3-4) and the new arrangement. 
There seems to be little similarity here, 
except that ¢torguatus is derived from 
serrifer, and poursetti is derived from 
cyanogenys in both trees. Smith (1938: 
555) raised a question about the ancestral 
position of serrifer: 


S. serrifer appears to be the oldest of the 
large-scaled species. The postulation that 
this species, which is one of the larger ones 
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Fig. 9 Phylogeny of forquatus group according to Smith (1938) (A) and the new phylogeny (B). 
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of the genus, and one having large scales, 

is nearest to the ancestral type of the large- 

scaled division of the torquatus group may 

appear to be contradictory to the postula- 
tion that Sceloporus is derived from small 
species with small scales. However, my as- 
sumption seems to be justified by the fact 
that serrifer occupies a southern position on 
the periphery of the geographical area now 
occupied by the torquatus group. 
The reason for this paradox is that Smith 
assumed speciation in Group III was from 
south to north. The data im 1938 strongly 
supported this conclusion. Obviously. 
Smith did not believe that a peripheral 
location is necessarily primitive, because 
on the next page (556) he said, “S. mu- 
cronatus appears to be the nearest to the 
ancestral type of these three species (cy- 
anogenys, poinsetti and omiltemanus) de- 
spite the fact that it has larger scales than 
they. I so conclude because of its central- 
ized geographical position with relation 
to the area occupied by the other three 
forms.” 

So the basic problems can be solved, 
and the trend is indeed from small to 
large size and small to large scales if this 
sroup was developed from north to south 
rather than south to north. Smith indi- 
cated a northward development from ser- 
rifer to torquatus to mucronatus to cyano- 
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genys, and our phylogeny indicates a 
southward development from cyanogenys 
to mucronatus to serrifer to torquatus. An 
ancestral placement of cyanogenys is fur- 
ther supported by Smith (1939:209): 
“Species of this group are as a rule con- 
fined to rocky habitats. So far as I am 
aware, only cyanogenys tends to live on 
or near the ground.” Thus, the new 
phylogeny indicates a trend in this group 
from small-sized, small-scaled ground 
dwellers to large-sized, large-scaled rock 
dwellers. With this reversal in direction, 
the remaining differences between the two 
phylogenies in Figure 9 are negligible 
and the trends within this group fit the 
overall phylogeny of the genus. 

In the genus Sceloporus, the spinosus 
sroup has been the object of more system- 
atic study than any other. No less than 
four different phylogenetic trees have been 
proposed by Smith, Bussjaeger, Cole, and 
Hall. Vhe confusion is further compound- 
ed by the fact that the spinosus group is 
the largest in number of species and sub- 
species. The four phylogenetic trees and 
our conclusions are presented in Figure 
10. Smith (1939) included acanthinus, 
lunaet, and lundelli with this group. In 
1950, he and Taylor moved acanthinus 
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Fig. 10. Phylogeny of spinosus group according to Smith (1939), Cole (1970), Bussjaeger (1971), 
Hall (pers. comm. 1973), and the new phylogeny (L and T). 
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and Junaei into the formmosus group. How- 
ever, in 1939 Smith (p. 60) said, “The 
most primitive form of the group is un- 
doubtedly lunaci, which is closely related 
to formosus malachiticus. S. acanthinus 
is a near relative of /unaet, as is also lun- 
delli.” It should therefore be acceptable 
to remove /urdelli from the spinosus group 
and place it im the formnosus group next 
to /unaei as we have done. 


Behavioral data also support this ar- 


rangement. Bussjaeger (1971:136)  ob- 
served: 
The display-action-patterns of Jundelli 


gaigei of the spiriosus group and asper, acan- 
thinus acanthinus and a. lunaet of the 
formosus group were quite similar with 
peaked single units and multiple units. 
Sceloporus asper and lundelli seemed to 
share more elements. 


In his conclusions, Bussjaeger (p. 151) an- 
ticipated the new position of S. lundelli: 


The status of lundelli is questionable. . 
Its display-action-pattern was between acan- 
thinus and orcutti; but the pattern was 
based on only one female. More data are 
needed to establish this species relationship. 
At present it should be left in the spinosus 
group, although it appears to be closer to 
the formosus group. 


Cole’s (1970) phylogenetic tree would 
uot allow the removal of /uzdelli from 
this group unless melanorhinus and clarki 
were placed elsewhere. Cole (p. 39, Fig. 
17) showed how four centric fusions could 
change the melanorhinus-clarki karyotype 
into the typical pattern for this group. 
According to Cole’s assumption that only 
fusions (1.e., no fissions) are possible, 
melanorhinus and clarki are primitive not 
only for this group, but also for the 
genus Sceloporus, and for the entire fam- 
ily Iguanidae! As demonstrated by Web- 
ster, ‘Hall, and Wilhams (1972), chromo- 
somal evolution can occur by fission as 
well as fusion. We believe this is the 
only acceptable explanation for the karyo- 
type in melanorhinus and clark. Tf fission 
is accepted as well as fusion, Cole’s data 
provide support for our arrangement of 
orcutt!, Clarkit. and melanorhinus. (They 
also confirm the primitive position of 
lundelli and permit its placement in the 
formosus group.) 

If clarki and melanorhinus are derived 
from orcutti and if lundelli is removed 
from the group, then the only difference 
between Cole’s tree and ours is a minor 
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shift in the position of ediwardtaylori. 
The single remaining difference between 
Smith’s tree and ours is the placement of 
edwardtaylort. The close relationship of 
edwardtaylori to spinosus and horridus 
has been proposed by Cole and also by 
Hall. The justification is that the species 
clustering on one side (olivaceus, cautus, 
edwardtaylori, spinosus, and horridus) all 
have 22 chromosomes, whereas orcutti has 
34, magister has 26, and clarki and me- 
lanorhinus each have +0. 


7_OOGEOGRAPHY 


The phylogeny of the genus Sceloporus 
can be considered with its present geo- 
eraphical distribution to produce a theo- 
retical history of events in the speciation 
in this genus. We conclude that the an- 
cestral sceloporine was a tropical or sub- 
tropical lizard (as Smith reasoned) with 
a distribution somewhat matching the sub- 
tropical conditions of western America 
before the Madro-Tertiary revolution 
(Ballinger and Tinkle( 1972:63). This dis- 
tribution was not restricted to southern 
Mexico, where Smith proposed the begin- 
ning of Sceloporus evolution, but covered a 
vast area in the western United States ex- 
tending as far north as Canada. 

Nlilstead (1960:76) said, “Formation 
of the western deserts is presumed to have 
begun in Miocene times and continued 
through Phocene and into early Pleisto- 
cene times.” Accordingly, the derivation 
of the Scelporine genera could have oc- 
curred in late Miocene and early Pliocene 
times during the development of the west- 
ern deserts (Ballinger and Tinkle, 1972). 


The formation of deserts trapped a 
mesic-adapted relict (Petrosaurus) in Baja 
California. The remaining — sceloporine 
stock began adapting to the oncoming 
desert conditions with such characters as 
a lengthened. sinuous nasal passage and 
the behavior called “shimmy — burial” 
(Stebbins, 194+). The separation of the 
generic lines of Uta, Urosaurus, Sator, 
and Sceloporus was accomplished during 
the initial stages of adaptation to desert 
conditions. 

As tropical conditions moved south- 
ward during middle and late Phocene 
(Axelrod, 1948), the ancestral stock of 
Group I moved south almost as far as 
the Isthmus of Tehuantepec. Some popu- 
lations did not migrate, but remained and 
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adapted to more xeric conditions (Group 
IJI). The mountains of central and south- 
ern Mexico provided a barrier that sepa- 
rated the western Group I and eastern 
Group II populations. A relict genus 
(Sator) was isolated in Baja Califorma at 
this time (Fig. 11). The subsequent de- 
velopment of Groups I and II was a mat- 
ter of adaptive radiation and centrifugal 
speciation (Brown, 1957). 

Figure 12 shows the routes of speciation 
in Group I. The eastern branch extended 
from gadoviae (in southern Michoacan, 
Guerrero, Morelos, southern Puebla, and 
northwestern Oaxaca) nortliward across 
the Oaxaca Upland, the Neovolcanic Pla- 
teau and into the Sierra Madre Oriental 
to parvus (in Nuevo Leon, southeastern 
Coahuila, San Luis Potosi, and Hidalgo). 
Speciation continued northward along the 
Sierra Madre Oriental to couchi (Nuevo 
Leon. eastern Coahuila, and southern Tex- 
as) and merriami (northern Coahuila and 
adjacent Texas). (Locality information 
m this discussion is from Smith and Tay- 
lor, 1950. Topographical terminology is 
from Raisz, 196+.) 

The second branch of Group I extended 
from parvus to jalapae (Veracruz, Pueb- 
la, and Oaxaca). This radiation then 


moved across the Mixtec Upland (along 
the northern border of Oaxaca) and north- 
ward along the western flank of the Sier- 
ra Madre del Sur (through Guerrero, 
Michoacan, 


Colima. and Jalisco) and 





Fig. 11. Isolation of early Sceloporus stocks 
in response to desert formation in middle Phocene. 
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Fig. 12. Speciation in Group I. 

further northward along the western flank 
of the Sierra Madre Occidental (through 
Nayarit and Sinaloa and mto Durango). 
The Durango populations became macilo- 
sus, and most of the pathway is now oc- 
cupied by ochoterenae. 

Figure 13 shows the initial radiation 
from the ancestral stock of Group H. This 
ancestral stock is now represented by 
pictus (in central Puebla and central 
western Veracruz). The first radiation 
jnvolved four species in four directions: 
aeneus to the north, pyrocephalus to the 
west, sivuferus to the south, and cozurnelac 
to the cast. 

Subsequent radiation fron: these cen- 
ters is shown in Figure 1-4. Sceloporus 
aeneus (Puebla, Veracruz. Oaxaca. Hidal- 
go, \lorelos, Mexico. Guanajuato, Micho- 
acan, and Jalisco) produced scalaris Qn 
Durango, Guanajuato, Hidalgo, Jalisco, 
Mexico, Michoacan, Puebla, and Zacate- 
cas). S. pyrocephalus (Guerrero, Michoa- 
can, and Colima) produced nelson: (an 
Chihuahua, Jalisco, Smaloa, and Navarit). 





Fig. 13. 


Early radiation in Group II. 


14 


ALARIS 











GOLDMANI 


PYROCEPHALUS 


RAMMIC? . 






UTIFORMIS 
ASPER 


HETEROLEPIS 


Fig. 14. Second radiation in Group II. 


These two species occupy most of the 
western flank of the Sierra Madre Occi- 
dental. According to Hall, the separation 
of nelsoni and pyrocephalus occurs along 
a river in Nayarit (the Rio Grande de 
Santiago). Concerning this river, Hall 
(pers. comm., 1973; see also Hall, 1973: 
fs=125)) said: 


Evidence from the fresh water fish fauna 
in the Rio Grande de Santiago (Salvador 
Contreras B., pers. comm.) suggests that at 
one time this major river drained the 
greater part of the Mexican Plateau. Even 
now it is the outlet for Lake Chapala and 
the entire Rio Lerma extending east as 
far as the western border of the Distrito 
Federal. Although rivers usually are not 
very effective natural barriers, the steep 
gradient of this river as it falls off the 
Plateau and the comparative narrowness of 
the costal plain probably would have made 
it an extremely effective barrier during the 
Pleistocene pluvial times, which would 
have provided ample opportunity for the 
splitting of the proto-7elsoni into two stocks. 


The southern speciation produced _si7- 
iferus (in Oaxaca, Chiapas, and Guerre- 
ro), carinatus (in Chiapas), squamosus 
(along the Pacific slopes from Chiapas to 
Costa Rica), and utiformis (to the north 
along the Pacific slopes of Michoacan, 
Colima, Jalisco, Nayarit, and Sinaloa). 
The eastern branch to cozumelae (in the 
northern peninsular states of Yucatan and 
Quintana Roo) produced chrysostictus (in 
the entire Yucatan Peninsula), teapensis 
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(in southern Veracruz, Tabasco, Cam- 
peche, Quintana Roo, northern Guate- 
mala, and British Honduras), and variabi- 
lis (which has developed subspecies alon 
the Gulf Coast plain from couth vena 
Texas, through Nuevo Leon, Tamaulipas, 
San Luis Potosi, Queretaro, Hidalgo, Tlax- 
cala, Puebla, and Veracruz, across the 
Isthmus of Tehuantepec, through Oaxaca 
and Chiapas, and into western Guatema- 
la). 

The central stock of Group II also pro- 
duced a second wave of speciation. A 
southern speciation from pictus produced 
cryptus i the Oaxaca highlands. A west- 
ern speciation resulted in asper (in the Si- 
erra Madre del Sur in Guerrero and Mi- 
choacan and extending as far north as the 
Sierra Madre Occidental in Nayarit). 
This branch also produced heterolepis in 
the coastal mountains of Jalisco. 

An eastern branch from pictus pro- 
duced megalepidurus in Northern Puebla 
on the eastern slopes of the Neovolcanic 
Plateau. The most recent derivation from 
the pictus stock is grammicus. This spe- 
cies has invaded most of the Plateau re- 
gions in Mexico. The distribution of 
grammicus is widespread, and Hall (1971) 
has suggested that there may be as many 
as 6 cryptic species in the grammicus com- 
plex. Further discussion of this species 
must therefore be deferred until the alpha 
taxonomy is more complete. 
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Speciation in Group III was more com- 
plex and probably more recent than in 
the others. Other workers have suggested 
that considerable speciation resulted from 
repeated glaciation in Pleistocene times 
(Savage, 1960; Ballinger and Tinkle, 
1972). Each glacial period forced desert 
species into southern refugia from which 
they later speciated through adaptive 
radiation and centrifugal speciation. 

Group III remained originally in the 
north and adapted to the xeric conditions 
of the southwest during middle and late 
Pliocene, as did Uta and Urosaurus. Sub- 
sequent Pleistocene glaciation forced the 
desert-adapted populations into southern 
refugia with massive northern extinctions. 
The five refugia south of 30° latitude in- 
clude Baja California, the Sonoran Desert, 
the Mexican Plateau, the Gulf Coastal 
Plain, and Florida. Barriers include the 
Gulf of California, the Sierra Madre Oc- 
cidental, the Sierra Madre Oriental, and 
the Gulf of Mexico. Ballinger and Tinkle 
(1972) discussed the first three refugia 
in considerable detail with reference to 
the evolution of Uta. 

After each glacial period, the isolated 
populations expanded in all directions 
from their refugia. (A worldwide increase 
in rainfall would restrict the midlatitude 
deserts from both sides. A subsequent de- 
crease in rainfall would cause a movement 
of xeric conditions both northward and 
southward from a small latitudinal band.) 
Fach southerly movement was preserved 
as the species adapted to subtropical con- 
ditions, but the northerly radiations would 
be eliminated during the next glacial peri- 
od (southern rains could be tolerated bet- 
ter than northern snows). 


Each imvasion to the south required a 
secondary adaptation to the ancestral en- 
vironment. This explains why formosus 
has not yet lost a behavioral trait called 
‘shimmy burial.” Hall (pers. comm.; see 
also Hall 1973:99-102) said: 


One gathers from Cole’s (1970) discus- 
sion that he uncritically accepts Smith’s 
(1939) idea that the arboreal, tropical for- 
mosus group is primitive in the genus. 
Smith (pers. comm.) believed, not unreas- 
onably on the limited information then 
available, that the closest primitive relatives 
of sceloporus were the South American trap- 
idurines (from which Weigmann separated 
Sceloporus), and that its close xeric adap- 
ted relatives (ie. “Uta” = Petrosaurus, 
Urosaurus, and Uta) were derived from 
within the radiation of Sceloporus. The 
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work of Savage (1958), Etheridge (1964), 
and Presch (1969) tends to refute this 
idea. . . 


Furthermore, it is interesting to note that 
the behavioral trait of ‘shimmy burial’... . 
is also found in most other Sceloporines. .. . 


From this analysis, it would seem that 
all sceloporines above Petrosaurus at least 
primitively know how to use loose sand 
for escape and sleeping cover. It seems un- 
likely that this behavior would evolve in a 
supposedly primitive form like formosus, 
which lives in mountain rain forests where 
the lizards would rarely or never encounter 
a suitable substrate for shimmy burial. Its 
presence in this species probably indicates 
only that formosus has only very recently 
entered the rain forest habitat. On the other 
hand, shimmy burial would be selectively 
valuable to a species inhabiting dry plains 
or deserts where loose sand might fre- 
quently be the only cover available for 
escape or sleeping. 


This quotation explains why Smith (1939) 
and Cole (1970) proposed phylogenies 
from south to north. We propose a re- 
versal of these phylogenies, which means 
that most trends in Group III are from 
the north and that the Group III forms 
moved southward and adapted to a climate 
similar to the one in which the ancestors 
lived. 

The smaller size and greater isolation of 
Baja California have limited the genetic 
potential of its populations. This has al- 
lowed continental species to move north 
from the Sonoran Desert and enter the 
peninsula to trap southern relicts (see 
Savage, 1960). 

Another possible explanation for relict 
species in Baja California is the separa- 
tion and westward drift of the peninsula 
in Miocene-Pliocene times. Concerning 
this movement, Moore and Buffington (p. 
1241) said, “Therefore, from about 4 to 
10 million years ago, during late Miocene 
and Pliocene times, a proto-Gulf of Cali- 
fornia existed. . . . The present cycle of 
spreading began about 4 million years 
ago. 

Tanner (1966:191) stated that this 
same event could apply to the night 
snakes: 


Thus the distribution of Eridiphus stock 
may have reached southern Baja California 
by a shorter route before the present Gulf 
of California was formed. Assuming. this 
to be correct, Eridiphus is a relic of a once 
more widespread group of snakes in West- 
ern Mexico. 


ITall (1973) has suggested that such a 
mechanism is responsible for speciation 
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in Baja California and that the Cape re- 
gion was isolated from the rest of the 
peninsula as well as the mainland during 
an intermediate stage. 

The first glacial advance divided Scelo- 
porus into four refugia: an orcutt? stock 
in Baja California, a formosus stock in 
the Sonoran Desert. a virgatus stock on 
the Mexican Plateau and a cyanogeny’s 
stock on the Gulf Coastal Plain. Subse- 
quent postglacial speciation is illustrated 
in Bicmpe 15: 

The virgatus stock expanded northward 
and as far eastward as Florida. It also ex- 
panded westward into the Sierra Madre 
Occidental. Most of the expansion from 
this stock was reduced to refugia during 
a second glacial advance. The second gla- 
cial advance was less severe than the first 
(Ballinger and Tinkle, 1972:63) and a 
population survived in Florida (wood). 
The main virgatus stock was again con- 
fined to the Mexican Plateau, but some 
of the mountain populations moved west 
into the Sonoran refuge. This isolation 
produced graciosus. 

The subsequent northward migration of 
graciosus and the northern speciation of 
undulatus and occidentalis from virgatus 
is shown in Figure 16. 

The orcutti stock, which was confined 
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to the Baja California refuge during the 
first glaciation, emerged with sufficient 
adaptive specialization to displace the 
formosus stock as far south as Guerrero. 
The displacement of a mainland popula- 
tion by a restricted peninsular population 
is explained by the assumption that for- 
mosus descended from the part of the Sce- 
loporus stem that had been adapting to the 
mountain habitat between the central 
plains and the western deserts. As the 
Pacific slopes became more and more arid 
following glacial retreat, the desert-adapt- 
ed orcutti stock displaced the mountain- 
adapted formosus stock. 

From the Pacific slopes in Guerrero, the 
formosus stock speciated southward, pro- 
ducing forrnosus (with subspecies in Guer- 
rero and the central uplands of Oaxaca), 
malachiticus (along the Pacific slopes from 
Chiapas to Panama), /unaei (in the up- 
lands of central Guatemala), /undelli (an 
the central regions of the Yucatan Penin- 
sula), and tanner! in Oaxaca (Smith and 
Larsen, 1975). 

Farther north along the Pacific Coast, 
the orcutti stock produced clarki (from 
central Arizona, through the center of 
Sonora and down the Pacific Coast of 
Sinaloa to Nayarit) and rmelanorhinus 
(along the Pacific slopes from Nayarit 





Fig. 15. Early radiation in Group III. 
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Fig. 16. Second radiation in Group III. 


through Jalisco, Colima, Michoacan, Guer- 
rero, and Oaxaca to Chiapas). Hall’s com- 
ments about the separation of nelsoni and 
pyrocephalus along the Rio Grande de 
Santiago are also appropriate for clarki 
and melanorhinus. Apparently this river 
was a geographic barrier for two groups 
speciating in opposite directions. 

Another branch from the orcutti stock 
produced the magister complex. The sub- 
sequent subspeciation of mmagister accord- 
ing to Phelan and Brattstrom (1955) was 
from central California southward into 
Baja California and southeastward into 
Arizona and New Mexico. However, or- 
cutti has 34 chromosomes, magister zos- 
teromus (and all other peninsular sub- 
species of magister) has 30, and m. magis- 
ter has 26. This supports Hall’s phylogeny 
with early speciation in Baja California 
and subsequent emergence of two stems 
(orcutti and magister). 

A third and final branch from the or- 
cutti stock moved eastward through the 
interglacial deserts of Arizona, New Mex- 
ico, and Texas. This branch (olivaceus) 
became trapped in the Gulf Coastal Plain 
refuge during the second glacial period 
(Fig. 15). Speciation proceeded from oli- 
vaceus (central Texas, Tamaulipas, Nuevo 
Leon, and adjacent states) southward 
across the Central Meseta to spinosus (oc- 
cupying the entire Neovolcanic Plateau 
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from Puebla and Veracruz on the east to 
the tip of Durango on the west), Horridus 
(with subspecies along the entire southern 
flank of the distribution of spimosus), and 
edwardtaylori (in Oaxaca) (Fig. 16). 

A secondary speciation from olivaceus 
(to cautus) has been questioned by Hall 
(because of intergrades), but he (pers. 
comm., 1973) did make this observation: 


Most interestingly there seems to be al- 
most no question that cautus and olivaceus 
intergrade south and west of Monterrey 
(Nuevo Leon) with gene flow occurring 
presently through the dry valleys and 
passes. There might be an absolute classic 
circle of subspecies whose terminal popula- 
tions are fully sympatric. 


The last major speciation within Scelo- 
porus started with cyanogenys in the Gulf 
Coastal Plain refuge (Fig. 15). The first 
branch produced jarrovi (in the northern 
plateaus and adjacent escarpments from 
Arizona on the northwest to Veracruz on 
the southeast), which in turn produced 
ornatus (in the ranges of southern Coahu- 
ila), /ineolateralis (restricted to the moun- 
tains of eastern Durango), and dugesi 
(with subspecies in the mountains of Gua- 
najuato, Michoacan, Colima, Jalisco, and 
Nayarit. ) 

The second branch from cyanogenys 
moved westward to produce poinsetti 
(which occupies most of the northern 
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Plateau through southern New Mexico, 
southwestern Texas, and the Mexican 
states of Chihuahua, Coahuila, and Du- 
rango). The third branch extended across 
Mexico in a southwesterly direction and 
resulted in bulleri: (in the mountains of 
Jalisco). 

The final radiation from the cyano- 
genys stock extended southward and _ re- 
sulted in serrifer (occupying most of the 


Gulf Coastal Plain in ‘Tamaulipas, San 
Luis Potosi, Veracruz, Tabasco, Cam- 
peche, and Yucatan), mucronatus (a 


mountain form in the Oaxaca Upland and 
other mountains m the state of Guerrero, 
Veracruz, Puebla, \lexico, and Hidalgo), 

and torquatus (which inhabits a large 
area in central Mexico. including parts of 
Hidalgo, Veracruz, Mexico, Distrio Fede- 
ral, Puebla, Morelos, Guanajuato, Micho- 
acan, Nuevo Leon, Jalisco, Sau Luis Poto- 
si, and Zacatecas). 


CONCLUSIONS 


When presenting: his arrangement, 
Smith (1939) said, “Material from cer- 
tain areas is still lacking, and more direct 
evidence of relationships is frequently to 
be desired. The conclusions now presented 
are accordingly tentative.” Smith’s state- 
ment may still apply. Problem areas in- 
clude Baja California and the grammicus 
complex. Also several new species and 
subspecies are being considered by various 


workers. New kinds of data are now be- 
ing researched  (microdermatoglyphics, 


for example). However, a point has been 
reached at which different sets of data 
reinforce similar conclusions. With over 
80 characters. the new groups and sub- 
groups are distinct at the .999 level of 
confidence (Larsen and Tanner, 197+). 
With such a high level of confidence, we 
conclude that Figure 5 is a natural ar- 
rangement of species and that future ad- 
justments may be minor. 


When phylogeny and zoogeography are 
considered stmultaneonsly, several trends 
are evident im the evolution of Sceloporus: 
(1) the size altered from smal] to large; 
(2) the scales. once small, smooth, and 
granular, changed, becoming large. carin- 
ate, mucronate, and imbricate: (3) imi- 
tial movement and speciation was from 
north to south, and several secondary ra- 
diations were from southern centers north- 
ward and from northern centers south- 
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ward; (+) the geography of Baja Cali- 
forma created several relicts; (5) habitat 
preference changed from ground to rocks, 
cliffs, and trees; and (6) the ancestral 
stock, which originally was subtropical, 
adapted to arid conditions, and then sever- 
al groups returned to tropical or sub- 
tropical climates. 

Cope (1900) called Sceloporus the piece 
de résistance for the theory of derivation 
of species. This genus seem to show such 
principles as parallelism, convergence, di- 
vergence, genetic drift, geographical bar- 
riers, adaptive radiation, centrifugal spe- 
ciation, and waif and _ relict population 
development. In fact, the cape region of 
Baja California may provide examples of 
speciation by continental drift. Sceloporus 
also exhibits a high degree of chromoso- 
mal variation, including | examples of Rob- 
ertsonian fission and fusion, and several 
formulae for sex determination. This ge- 
nus is extremely well suited for illustra- 
tion and discussion of evolutionary theory. 

We conclude that Sceloporus has re- 
cently speciated in an explosive manner. 
Because of this rapid adaptive radiation, 
it is difficult to determine phylogenetic 
relationships with classical techniques. 

We are persuaded, however, that the 
genus Sceloporus does contain three dis- 
tinct monophyletic groups. Group I is dis- 
tinct from the other two groups in having 
(1) a postfemoral dermal pocket and less 
than 7 ventrals between the femoral pore 
series or (2) (if the postfemoral dermal 
pocket is absent) a vestigial gular fold 
and no postrostrals. The rest of the spe- 
cies in the genus Sceloporus lack either a 
postfemoral dermal pocket or a vestigial 
gular fold. If they lack the vestigial gular 
fold, postrostrals are present and there are 
more than 8 ventrals between the femoral 
pore series. In considering the systemat- 
ics of the entire coniplex, we believe that 
it is now feasible to recognize for Group 
I (Table 1) the Cope (1888) monotypic 
generic designation of Lysoptychus (L. 
lateralis=Sceloporus couchi Baird, 1858). 

We have not by our methods been able 
to arrive at a satisfactory taxonomic divi- 
sion of Groups II and IT, even though 
these groups become separable and distinct 
by use of multivariate analysis. We be- 
lieve that Groups H and IIT represent a 
large asseniblage of species that have 
evolved more recently but that although 
the characters between the groups are 
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showing indications of evolutionary separ- 
ation, they have not reached a point of 
distinction that permits the development 
of a workable taxonomic key. We there- 
fore choose at this time to retain them in 
the genus Sceloporus. 
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